For diploid organisms, gene expression is denoted as monoallelic if only one allele is 7 3 transcriptionally active. The expressed allele can be randomly selected (e.g. X-chromosome 7 4
inactivation and some autosomal genes) or predetermined by parental imprinting (Gimelbrant 7 5 et al. 2007; Ferguson-Smith 2011; Fedoriw et al. 2012) . Erroneous monoallelic expression 7 6
has been associated to several genetic disorders, like the Prader-Willi syndrome, as well as 7 7
to certain forms of cancer, like Wilms' tumor. Both diseases are caused by loss of imprinting 7 8 of some genes in the 15q11-q13 and 11p15.5 region, respectively (Egger et al. 2004) .
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Epigenetics is defined as the study of inheritable modifications on both chromatin and DNA 8 0
that have an influence on gene expression without changing the underlying DNA sequence 8 1 (Goldberg et al. 2007 ). Mammalian DNA-methylation is an epigenetic mark that is application could be ChIP-seq (Furey 2012) to screen for monoallelic histone modifications paired-end sequence reads were 45 or 51 bp, respectively. The rationale behind the proposed methodology is that biallelic DNA-methylation results in present for a locus, both homozygous and heterozygous subjects will be detected at a 1 8 0 predictable rate (Mayo 2008) . However, in case of monoallelic methylation, heterozygous 1 8 1 samples will no longer be detected resulting in deviation from the Hardy-Weinberg 1 8 2 equilibrium, which can be measured. For a detailed description of the statistical framework, 1 8 3 see the Supplemental Methods. Figure 1 gives an overall representation of the workflow 1 8 4 starting from MethylCap-seq data. For each of the 334 samples, the MethylCap-seq paired-end reads were mapped using 1 8 8
BOWTIE (Langmead et al. 2009 ). The mapping parameters were chosen so that only those 1 8 9
paired-end reads that mapped uniquely on the human hg19/GRCh37 reference assembly 1 9 0 within a maximum of 400 bp of each other were retained. In order to both reduce the 1 9 1 presence of sequencing errors as well as to allow the occurrence of real SNPs, a maximum 1 9 2 of only three mismatches was allowed. Duplicate fragments, i.e. fragments with the exact 1 9 3 same location of both paired-end reads, were disposed as these are most likely the result of 1 9 4 amplification of the same sequence reads during the library preparation. The non-duplicate, uniquely mappable reads were subsequently screened for SNPs. Only positions that showed a mismatch in the mapping of one or more samples and that performance of the Illumina HiSeq, whereas also more error prone GAIIx data were included 2 2 7 in this study. After additional filtering and data correction, the remaining data were used as input of the Null distributions were generated using random data with the same allele frequencies and 2 3 8 sample coverages (for that locus) as in the original data. This approach accounts for the were determined by comparison of the observed frequency of heterozygotes with the 2 4 1 generated null distributions. Only loci that obtained a p-value smaller than or equal to 0.005 2 4 2 after the first iteration were kept as input for the second iteration. Thus, after the first iteration 2 4 3 round, loci that were in all probability not monoallelically methylated, were filtered out as to corresponding with an FDR of 0.1, monoallelic methylation on this locus was called 2 4 7 significant. This procedure was also performed two times, a first time with 1,000 and a 2 4 8 second time with 1,000,000 iterations. To summarize results, significant loci were visualised 2 4 9 on a circular plot with the Circos tool (Krzywinski et al. 2009 ). We tested for enrichment in one or more of these functional categories. A null distribution was generated by random sampling from the total amount of detected SNPs (after filtering as sampling was repeated 1,000 times. With the null distribution obtained for each of these 2 6 3 functional locations (i.e. promoter, exon, intron and intergenic), it was possible to calculate a 2 6 4 two-sided p-value for each functional location. For loci that were featured by more than one 2 6 5 functional annotation (i.e. overlapping genes and/or different transcripts and/or sense and 2 6 6 antisense strand) the score for the functional location was divided by the amount of different 2 6 7 functional locations that this locus has (the sum always being one). For example, if a locus is 2 6 8 located in an exon on the sense strand but is also located in an intron on the other strand, 2 6 9
both the exon and intron were attributed a score of 0.5. In order to evaluate the loci detected by this novel methodology, an extra validation step was 2 7 4 performed using 14 publicly available WGBS data sets comprising a range of tissue types. The WGBS data sets were downloaded from the Gene Expression Omnibus (GEO) 2 7 6
repository (Edgar et al. 2002) . A summary of the data sets including accession numbers is 2 7 7 provided in Supplemental Table 1 CpGs were summarized per SNP allele (covered by the reads on the specific SNP position).
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To assess monoallelic DNA-methylation in the SNP loci a Pearson chi-square test was 2 8 4
performed. Samples that were not covered or were homozygous for the particular locus were based on the degree of (non-)methylation obtained for each SNP allele, with a high chi- for a locus was smaller than the p-value corresponding with an FDR of 0.1 (p-value = 3 2 4 0.000016), the monoallelic methylation on this locus was called significant. This was true for 3 2 5 80 loci (see Table 1 ). Figure 2 depicts the genomic distribution of these 80 monoallelically 3 2 6 methylated loci. In a next step, the functional location of the 80 loci with significant monoallelic DNA-
methylation was determined. These results are shown in Table 2 . Table 3 (43.33%) and intergenic regions (37.5%). Additionally, a significant number was found in the 3 4 0 promoter regions (13.96%). A minority of 5.21% mapped to exonic regions. In order to After preprocessing the 14 WGBS data sets as outlined in Methods section 6, 44 out of the 3 5 0 80 significant were covered by at least one heterozygous sample. virtually equal to 0 suggesting monoallelic methylation in at least one of the 14 samples. expressed can be either random or a priori defined by imprinting. Here we introduced a 3 6 3 methodology to screen for genes that exhibit monoallelic DNA-methylation and thus might frequency of samples featured by biallelic methylation is lower than randomly expected. Using a permutation approach, loci with a p-value smaller than the p-value corresponding with a selected FDR of 0.1 were assumed to be monoallelically methylated. Finally, this 3 7 2 resulted in the identification of 80 loci that showed significant monoallelic DNA-methylation. is known that many of these ICRs are located in intergenic regions. As some of the found loci paternal copy of H19 is methylated and silent, while the maternal copy is hypo-or example H19, more than one significant SNP locus was found. Because some of these 4 0 0
SNPs are in a distance of more than 400 bp (the cut-off length of sequence reads during There are a couple of important remarks that come with the proposed methodology: i) The 4 1 7
basic assumption that MethylCap-seq data from biallelically methylated loci are generally in 4 1 8
Hardy-Weinberg equilibrium only holds for samples originating from a panmictic population 4 1 9 (i.e. a single population that is long-term randomly mating). If this is not the case and the resulting loci is necessary to assure qualitative results (as was done in this study). ii) The 4 2 3 approach doesn't take into account that loci with monoallelic methylation will be picked up too conservative, though this has no effect on the reliability of those results deemed and effort a filtering step was performed. Consequently, some data will not be analysed and sequencing error estimate of 0.25% is the lowest estimate reported (Quail et al. 2012 ). But 4 3 5
although the correction method can be considered a bit too stringent, it will assure a better 4 3 6 quality of the obtained results and will not give rise to more false positives. In fact, it will it probably more difficult to detect monoallelic methylation.
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Although we opted to use a stringent approach, the outcome clearly demonstrates that our obtained results prove that the proposed methodology is effective. In the future, it would also 4 4 8 be very informative to repeat the analysis on samples that are of normal origin and in extent 4 4 9
from the same tissue. The latter would be very valuable in the study of tissue-specific MethylCap-seq, our approach also opens the door to other applications, like ChIP-seq-based 4 5 2 detection of monoallelic protein-DNA binding events and histone modifications. The filtered and corrected SNP data used as starting data for our developed methodology is We would like to thank the N2N "nucleotides 2 networks" Multidisciplinary Research The authors declare that they have no competing interests. developed data-analytical framework with 1,000 and 1,000,000 iterations, respectively. Only 4 8 0 loci that obtained a p-value smaller than or equal to 0.005 after the first iteration were kept as 4 8 1 input for the second iteration. If the p-value obtained for a locus was smaller than the p-value (Chr) and the number of input entries for the statistical analysis. The third and fourth columns show the amount of 5 2 6 loci, which obtained a p-value smaller than (or equal to) 0.005 (after first iteration) and 0.000016 (after second 5 2 7
iteration, corresponding with FDR = 0.1), respectively. 
